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Fig. 1 Geometry of the Absorption Process
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Fig. 3 A Linear Fit to Simultaneous Two-Beam Light
Intensity Measurements after Both Beams are
Transmitted Through the Absorber
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Fig. 4 Measured Changes of the Probe Light Level
Transmitted Through the Absorber after
Excitation and Several Comparison Exponential

Time Functions.
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APPENDIX A = NUMERICAL INTEGRATION PROGRAM

To accommodate a numerical integration procedure, the
hyperbolic differential equation of Eq. (27) can be expressed as

2 du
5‘2%3)‘& - £(u, (b, y))AE (A-1)

together with the initial value-boundary value conditions of Eq. (30) ;
|

written as
u (o,\) =C
(A-2)
Erjh*-‘ - -]
«(b1Y)
at A = 0 or equivalently
u (y40) = = byy +C (A-3)

For convenience set b1 = 1, (equivalent to redefining the y-variable).

Integration of Eq. (A~l) in terms of the differential or step
size A) yields

u & 4
o %‘; & E A% (A-4)
Y, MAN Y,A

Also the change in the u-variable for a step change y can be

written as
u[(y+y), (MAN]= u(y, (MaN)) + ?y‘ Ay (A-5)
¥, MAN
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To obta:Ln the recurrence formulas upon which the integration
scheme is based let

A=mn - AA » y=8 Ay (A-6)

where n, 8 are integers. Thus, Eqs. (A-4) and A-5) become

- N

A -
%; dy + £(s,n) AN (A=7)
s, ntl s,n
U ((s4), (D)) = u (s, (a+1)) + 2 by (a-8)
s,ntl
together with the initial value~boundary value conditions
u (o,n) = C
% m =1 oru(s,0) ==-s8 -Ay+¢C (A-9)
8,0
For simplicity in notation define
U o u(s,n)
Da,n - g (A-10)
s,n
Finally, the recurrence formulas are
DS,M-J.": - Ds,n + £ (s,n)AN
Uu-o-l,u-l-l. e Us.n-i-l 2 Ds,n-l-l Ay (A-11)
Uo,n = C

U o--a*Ay+C
A-2




representing a first order integration scheme. The numerical

procedure consists of solving Eqs. (A-1l1) for the quantity U’ e
over a range of values

s =0 to S n=0ton (A-12)

A program for the solution of Eqs. (A-11l) is given in Figure
A-1l. The interpretations of several program variable are stated
in Table A-1l. 1Initial-boundary conditions are stored on files,
(see program statement 1242). The values of Us,n and Ds,n
computed during the run are also stored on files, (see program
statement 1320). Solution of the recurrence equations is carried
out between statements 1372 and 2220. An output file, (see statement
2050) consists of exponentiated u-values at a fixed value of n(or))

over a range of s(or y) values.

At the starting value of the interger n, the change in the
variable Vi with s is calculated over the range of s-values and
]
subsequently stored. The value of u is increased by unity and the

computations are repeated. The final computed values of Us & and

Ds o 8re stored in file format, to be used as input values when the
? 5

program is run again.

Note that in this version of the program only two steps in n are
utilized due to computer storage limitations, i.e., N 9=2. To go

beyond fwo steps requires program changes in the arguments of
statement numbers 2140 and 3600.




TABLE A-1 - SIGNIFICANT PROGRAM VARIABLES

Computer
Program
Variable

Er‘-—:wo

N9

Sl
N1,K

U(sl,K)
D(sl,K)

G3,G4

Mathematical
Equivalent

1n[‘r(oL10L1 + GUI‘UI)J +1nA,
b3/b1

AN

by

n
max

initial value of n

s,n

O c mB3 o

8s,n
exp (U)/exp (C)

accuracy test variables
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1688 LOHG UP.D7
TETE LOHG DL 1S
1EEE LUHG CTaBs Ay
1821 LOMG F1i
1828 DIM HELS]
1831 DIM G#LS1.F$L 2]

1848 DIM U2 1.D$L 2]

18568 DIM ExLal. Wl 2]

1888 MAT D=ZER

1878 MAT U=ZER

1828 FILES #2%.%2%,%

1828 FRIWT 'lHPUT BEOUHDARY COMDITION C=%"

11688 IHFUT

1118 PRINT "IHPUT FARAMETER E=%"

IMFUT B

FREIMT “TIME STEF T=% AND SPACE STEF L=%"
IMFUT T

IHFPUT L

FRINT "IMPUT THE HUMBER OF STEPS IM L Mz="
THFUT Mz

FEIMT "IHFUT THE STAHRTIMG TIME STEF Ms="
ITHFUT M

FRIMT

FRIMT "HOW MAHY TIME STERS W2t

IMFUT Mo

Ci=C

El=E

Ti1=T

L.1=L.

e i

Ma=pa

5
)
E

21 UL 1588, 2]
G TalaMBaME. CGLaGENF

IMFUT F#
IMPUT G#
FRINT F#sG#
ASSIGH FEy 3241
SEIGH GErdatl
FRIMT "BOUMDARY COMDITIONW C="3§C1
FRIMT " PRARAMETER IM DIFF. ER. E="iEl
PRINT "TIME STEP T="iTl
PRINT "SPACE STEP L="§L1i
FEIMT "STARTIMG TIME STEF MS="iMZ
PRINT "HO. OF SFACE STEPS M2="iM4
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Fig. A-1 Computer Program for the Solution
of the Recurrence Formulas of Eq. (A-1ll)
(1 of 3)

FRIMT "WHAT ARE THE IWITIAL COMDITION FILE MAMESS"




=TT

FRIMT

e FREINT " Hus" i

' FRIMT "STHRT HEST TIME STEF M5 = "iMS+HI
FEREIHT

FEINT " THFUT LE AHD LE FILE HAME:S"
FELTHT "

THPUT L#

IHFUT D&

FESTGH LiFs1at]

FREIMT 13

TGH Tigs&s

FREIMT 18 UEs DE

FRINT

¢ EOR F.—l LTS ] e

F“P Mil=1 TO pME+RET+1
READ #3iF1
IF E=2 THEH 1438
IF Hi<oMS+RY~22 THEM 143
[
H[ B A
=W Wl
< DFE #3
LR Sl T CHE- S
e ;H:..' L|I

hPx)
—
R

rnk :1 1 TO Mg
FEAD #1507
LES L1 I=107
HEAT &1
k=l
FlR Sl=1 T CHM2-13
Fel+ESP ol S1ak 10
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Fig. A-1 Computer Program for the Solution
of the Recurrence Formulas of Eq. (A-1ll1)
(2 of 3)
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TS

i
b’«:
B

SATH
SREE
298
=188
2116
Sl
2138
21408
2158
“S1ER
217
Slae
2198
2218
2215
2228
aEa8
2198
g ]
2EeE
AEEa
VBB
RER )
SEBH
G BB

RESTURE #1. .
RESTORE #2° . .
FOR J=1 TO mz
A=ULJy K]
PRINT #13H
MEXT J
GOTO 20909
FOR J=1 TO (M2-1)
B4=DC Js kK ]
PRINT #23 B4
NEXT J
PRINT #13END
PRINT #Z23END
RESTORE #1
RESTORE #2
MEXT R7
PRINT "INFUT THE OUTPUT FILE HAME H$="
INPUT H$
PRINT
CREATE Y1sH$,2,256
IF ¥1=8 THEN 2118
FRINT “ CAM'T OPEM THE H$ FILE”
GOTO 2282
ASSIGN HEs S v1
PRINT ‘t13iH$
FOR J=1 TO M2 STEP (M2-30)
S=UL Js 21~
S=EXPIS)
PRIMT #5i%
PRINT &
MEXT J
PRIMT #53END
RESTORE #5
PRINT #43END
END
G1=M2
FOR J=1 TO CMS+R7-2)
READ #43F1
HEXT
Fl=Ul51:2]
PRINT #4iF1
IF R7=H% THEH 4800
RESTORE #4
GOTO 1948

Fig. A-1 Computer Program for the Solution

of the Recurrence Formulas of Eq. (A-1ll)
(3 of 3)
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